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ΔfosBmRNAPredator odors are non-intrusive natural stressors of high ethological relevance. The objective of this studywas to
investigate the processing of a chronic, life-threatening stimulus during repeated prolonged presentation to
Brandt's voles. One hundred and twenty voles were tested by repeated presentation of cat feces in a defensive
withdrawal apparatus. Voles exposed to feces for short periods showed more avoidance, more concealment in
the hide box, less contact time with the odor source, more freezing behavior, less grooming, more jumping,
and more vigilant rearing than did non-exposed voles, and those exposed for longer periods. Serum levels of
adrenocorticotropic hormone and corticosterone increased signiﬁcantly when animals were repeatedly exposed
to cat feces for short periods. The behavioral and endocrine responses habituated during prolonged presentation
of cat feces.ΔfosBmRNA expression level was highest in voles exposed to cat feces for 6 and 12 consecutive days,
and subsequently declined in animals exposed to cat feces for 24 days.We therefore conclude that the behavioral
and endocrine responses to repeated exposure to cat feces undergo a process of habituation,whileΔfosB changes
in themedial hypothalamic region exhibit sensitization.We propose that habituation and sensitization are com-
plementary rather than contradictory processes that occur in the same individual upon repeated presentation of
the same stressor.
© 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction
Homeostasis, the maintenance of the body state, is essential for
the survival of animals that are regularly challenged by intrinsic or
extrinsic adverse forces, termed stressors [29]. A safe environment
is required for individuals to develop emotionally and physically,
and for survival of their species. In nature, animals are exposed to a
broad array of threats and dangers, among which predators have
been the most intensely investigated [34]. Consequently, prey. Open access under CC BY-NC-ND liceanimals exhibit a variety of primary passive adaptations to avoid
capture. Failure to detect and to respond to such dangers would inev-
itably result in their death [22].
Predation is a strong selective force, which has led to a range of
adaptations at different levels (morphological, behavioral, and physio-
logical) in prey species that minimize the risk of their being preyed
upon [46,32]. The primary anti-predator defenses that facilitate avoid-
ance of potential predators following short-term exposure to their
odors include behavioral [15,30], endocrine [33] and molecular activa-
tion of several brain regions, which induce behavioral and physiological
changes in the prey [23].
While stressful events may take different forms, their consequences
or responses can be classiﬁed as either acute (i.e., short-term and adap-
tive) or chronic (i.e., long-term andmaladaptive). Acute responses take
place in response to short-term stressors; they have a deﬁnite onset
and may last for only a few hours. Chronic stress is deﬁned as eithernse.
2 I.M. Hegab et al. / Physiology & Behavior 126 (2014) 1–7multiple, frequent exposures, or long-term constant exposure, to
stressors [48]. Exposure to chronic stressors activates a complex and
integrated constellation of behavioral, physiological and neuro-
chemical processes that adapt the animal to the stressful stimulus
[19]. In addition, it may elicit the occurrence of two contradictory
processes: habituation and sensitization. Habituation is deﬁned as a
decrease in responsiveness to a stimulus that is presented repeated-
ly, or for a prolonged time [43]. Conversely, sensitization is charac-
terized by an increase in responsiveness to the stimulus upon
frequent presentation [13].
Clearly, exposure to a predator, or its odor, is a powerful stimulus
that generates fear in animals because of the possibility of harm or
death.Most studies of habituation have concerned innocuous or neutral
stimuli, such as a light or tone. However, the results of exposure to pred-
ator odors are inconsistent. Some authors concluded that habituation
did not follow repeated presentation of life-threatening stimuli, such
as a predator odor [31]. However, other experiments showed responses
that did habituate with prolonged exposure [14]. In addition, sensitiza-
tion to predator odor has been described [18]; a robust increase in
defensive responses was recorded after long-term exposure to predator
odor. These inconsistencies in predator odor studies deserve further
investigation.
The immediate early gene (IEG) c-fos has been extensively used
to map the neuroanatomy of short-term exposure to cat odor [35].
However, c-fos expression is not an appropriate marker for long-
term neuronal activation because it is only transiently expressed in
response to an acute stimulus and is rapidly down-regulated as the
stimulus is repeatedly presented [42]. Therefore, we used an alterna-
tive IEG, fosB, to identify brain regions involved in processing a
repeatedly presented threat. The gene encodes a truncated protein
product ΔFosB, a stable isoform that may persist in the brain for
weeks after chronic exposure to stimuli [24]. ΔfosB expression has
been extensively used as an indicator of neuronal triggering in differ-
ent brain regions in response to chronic stressors [2].
Brandt's vole, Lasiopodomys brandtii, is a typical herbivorous rodent
that mainly inhabits the Inner Mongolian grasslands of China,
Mongolia, and the Beikal region in Russia [45]. In the present study,
we repeatedly exposed Brandt's voles to cat feces for different periods
in a defensive withdrawal apparatus andmeasured the behavioral, hor-
monal and neurobiological changes. We further considered whether
these processes, triggered by repeated exposure, could be characterized
as either habituation or sensitization.Fig. 1. The testing apparatus.2. Material and methods
2.1. Animals
Our experiments were conducted in the Laboratory of Animal
Behavior, College of Bioscience and Biotechnology, Yangzhou University,
Yangzhou, Jiangsu, China, between September andDecember 2012.Wild
Brandt's voles were captured alive in cage-traps (YZ-LA: Shanghai
Sinokil Environmental Service Co., Ltd., Shanghai, China) in the grass-
lands of Inner Mongolia, transported to the laboratory and housed in
plastic-bottomed wire cages (15 × 22 × 18 cm) in male/female pairs.
First generation individuals (G1) were weaned on the 21st day after
birth and housed in large cages (45 × 30 × 20 cm) with 12 same-sex
individuals per cage. At age 60 days, groups of two or three same-sex
individuals were placed in small cages (15 × 22 × 18 cm). Animals
were provided with water and food ad lib, using a commercial diet sup-
plied by Science and Technology Co. Ltd. Anritsu, Nanjing, Jiangsu, China.
Wood shavings were used as bedding material and changed every two
weeks. Cages were washed every four weeks. Animals were kept on a
constant 16L:8D light cycle (light on at 6:00 am) at 21–23 °C. The
study used 60 male and 60 female ﬁrst-generation individuals (three-
months-old, 40–70 g weight).2.2. Odor source
Feces from a one-year-old domestic tomcat (Felis catus) were
collected and used in the experiment. The cat was captured in the
Wenhui campus of Yangzhou University, housed in a wire cage
(120 × 40 × 30 cm high) with a wire-mesh bottom and provided
with water and food ad lib. The health of the cat was checked by a vet-
erinarian. Feces were collected in a clean tray placed under the cage for
24 h and immediately stored at−70 °C until used.
2.3. Testing apparatus
The testing apparatus (75 × 37 × 40 cmhigh) is shown in Fig. 1. An
opaque Plexiglas® wall divided the box into two sections. One section,
termed the testing arena, consisted of a rectangular arena with a
Plexiglas® wall (60 × 37 × 40 cm high) divided into 12 small squares
with a black marker. The other section, the hide box, was constructed
of black Plexiglas® with a small square hole (6 × 6 cm) on the front
wall. Two video cameras were used for recording and scoring the
behavior; one was mounted on a tripod directly above the middle of
the testing apparatus and the other was located on the side of the
arena. Voles were transferred from the housing room to the testing
room by a familiar person. A computer was connected to the cameras
andwas located outside the testing room for live viewing and recording
of the testing session.
2.4. Testing procedures
All procedures were conducted between 9 am and 2 pm. The actual
time of testing within this period for each subject was randomized
across test days to prevent development of time-based conditioning.
All voles were handled identically for ﬁve days prior to the start of the
experiment. Handling included weighing, holding them for 1 min,
releasing them into cages and transporting them to the room in which
testing was carried out, without placing them in the test apparatus.
Voles were always handled with rubber protective gloves. All voles
received familiarization sessions on two consecutive days before the
experiment, during which they were placed in a test apparatus for
10 min with no odor present. One hundred and twenty adult
laboratory-bred (G1) Brandt's voles (60 males and 60 females) were
randomly allocated into six groups; 10 males and 10 females in each
group. The ﬁrst ‘Baseline group’ was tested with distilled water once
for 10 min. Cat feces were removed from−70 °C and left to defrost. A
1-g aliquot of the feces was placed on a clean ﬁlter paper and immedi-
ately presented to each animal in the second Group (‘1-Day’ group)
for 10 min. Animals in the third group (‘3-Day’ group) were tested
with cat feces for three successive days. The fourth group (‘6-Day’
group) was similarly tested for six consecutive days; the ﬁfth group
(‘12-Day’ group) was tested for 12 consecutive days; and the sixth
group (‘24-Day’ group) was tested for 24 consecutive days. The cat
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1 g of different feces from the same cat to assure the potency of the odor
across treatment days. After each test, the animal was returned to its
cage and the apparatus was cleaned.
2.5. Measurements of behavioral responses
Behavioral responses observed in this experiment were deﬁned as
follows: 1) ‘Avoidance’: the vole spends most of the time in the square
furthest from the cat feces in front of the hide box [15]; 2) ‘Jumping’:
the vole stands on its rear legs, raises the forelimbs and then jumps;
3) ‘Contact’: the vole makes direct tactile contact with the stimulus,
including chewing [15]; 4) ‘Concealing’: the vole retreats into the hide
box [46]; 5) ‘Freezing’: immobile, except for respiration, crouching
posture with all limbs supporting body weight [6]; 6) ‘Grooming’:
cephalocaudal strokingwith a forelimb and body licking linked together
as normal grooming episodes aimed at care of the body [5]; 7) ‘Locomo-
tion’: any movement from onemarked section to another commencing
with line crossing [15]; 8) ‘Head-out’: the vole has its head, or both the
head and shoulders, outside the entrance of the hide box with most of
its body concealed inside the hide box [15]; and 9) ‘Vigilant rearing’:
the vole stands on its rear legs with forelimbs raised (i.e., not placed
on anything for support [15]). The durations of all of these behaviors
were recorded in seconds.
2.6. Measurement of hormonal response
At the end of the 10-min exposure, 12 voles from each group (six
males and six females) were removed from the testing box and rapidly
euthanized by decapitation. Utmost care was taken to avoid imposing
stress to the voles before decapitation. The bleeding procedure was
completed within 3 min; blood was collected, allowed to clot, and
centrifuged to obtain serum (300 μl), which was subsequently stored
at−70 °C until use. The levels of adrenocorticotropic hormone (ACTH)
and corticosterone (CORT), which are the major glucocorticoids of
voles [47], were measured using a vole-speciﬁc enzyme-linked immu-
nosorbent assay kit (R&D systems) following themanufacturer's proce-
dures. These kits had been previously validated for Brandt's voles [40].
The prepared sample and a standard were placed in separate wells of
a well-plate and incubated for 1 h at 37 °C. The plate was then washed
three times with wash solution, horseradish-peroxidase conjugate
reagent was added, and the solution was incubated for 1 h at 37 °C.
Finally, the plate was again washed three times, and chromogen solu-
tions A and Bwere added. After 30 min incubation at 37 °C, the reaction
was stoppedusing a stop solution. The optical density of the samplewas
determined at 450 nm using a Metertech microplate reader (BioTek
Instruments, Winooski, VT, USA) after zeroing on a blank well. The
sensitivity in the analyses was 1 pg/ml for ACTH and 1 ng/ml for
CORT. The intra-assay and inter-assay coefﬁcients of variation for
ACTH were 5.5 and 4.6%, respectively and for CORT they were 5.0 and
7.2%, respectively. All samples were processed in duplicate.
2.7. Real-time reverse-transcription polymerase chain reaction (PCR) assay
of hypothalamic ΔfosB gene expression
After blood collection, skulls of Brandt's voles were rapidly opened
and brains were dissected to extract the hypothalamus. Two coronal
cuts were made, the ﬁrst just behind the optic chiasma and the secondTable 1
Nucleotide sequences of primers and cycling conditions used for PCR and RT-PCR ampliﬁcation
Gene PCR type Forward primer
ΔfosB Traditional 5-CTGGAGTTTGTCCTGGTGG-3
ΔfosB qPCR 5-ACATCCGCTAAGGAAGACG-3
β-actin qPCR 5-TTGTGCGTGACATCAAAGAG-31 mm in front of the mammillary bodies. The hypothalamus was
removed by a horizontal cut passing through the peri-hypothalamic
sulcus (a groove in the lateral wall of the third ventricle marking the
boundary between the thalamus and hypothalamus) and two horizon-
tal cuts separating the hypothalamus from the cortex. After dissecting
out the hypothalamus, incisions were made on each side of the dissect-
ed portion to remove the major parts of the lateral hypothalamus
and most of the medial hypothalamic zone on either side of the third
ventricle. The lateral hypothalamus plays an essential role in ingestion
and was not of interest in the present investigation, while the medial
hypothalamic region is critically involved in the expression of anti-
predator defensive responses [8]. Samples were preserved in DNA/
RNA ﬁxer® (Takara). Total RNA was extracted using TRIZOL according
to the manufacturer's instructions (RNAiso Plus®, Takara). RNA was
eluted in nuclease-free water and was subjected to DNAase treatment
to remove genomic DNA (Recombinant DNASE I®, Takara). Following
DNAase treatment, RNA was quantiﬁed using a NanoDrop® spectro-
photometer (NanoDrop Technologies, Inc. Wilmington, DE, USA). All
samples had A260/A280 values greater than 1.8, indicating high quality
RNA. Samples were stored at−70 ºC before reverse transcription was
performed. We reverse-transcribed 3 μg of RNA per sample following
the manufacturer's instructions (Primescript 1st strand®, Takara). The
resulting cDNA was stored at−20 ºC until analysis.
ΔfosB sequences of mouse (Mus musculus; accession number:
BC132064.1), rat (Rattus norvegicus; accession number: NM_001256509.
1), and golden hamster (Mesocricetus auratus; accession number:
GQ254783.1) were aligned by using Lasergene software to pick up
degenerate primers from the conserved regions of the three sequences.
ΔfosB cDNA was ampliﬁed by PCR using rTaq DNA Polymerase®
(Takara). PCR solutions were prepared (2.5 μl of 10× PCR buffer, 2 μl
of dNTP, 0.4 μl of Taq, 0.5 μl each of primers, and 2 μl of cDNA in a
ﬁnal volume of 25 μl) following themanufacturer's instructions. Cycling
conditions were: initial denaturation at 95 °C for 5 min; 35 cycles
of 95 °C for 30 s, 56 °C for 30 s, and 72 °C for 30 s; ﬁnal extension
at 72 °C for 5 min. The ampliﬁed product was 501 bp in length
(Table 1). PCR products of the predicted size were extracted from the
agarose gel and cloned into pCR4-TOPO vectors according to themanu-
facturer's directions (Tiangen, Beijing, China). Recombinant plasmids
from isolated colonies were extracted from overnight liquid cultures
and sequenced using a commercial sequencing service (Genscript,
Nanjing, China). In the next step, a species-speciﬁc primer set for the
ΔfosB gene was designed based on the gene-cloned sequence using
Primer Premier 5® software.
The cDNA was subjected to real-time PCR (qPCR) ampliﬁcation
using Syber® premix EX Taq II (Takara) in a real-time PCR System
(Applied Biosystems 7500). Real-time PCR was conducted in 20 μl of
reaction agent composed of 10 μl of SYBR Premix EX II, 2 μl of cDNA
templates and 0.2 μl of each primer with addition of water to 20 μl.
Each sample was analyzed in triplicate. Thermal cycling conditions
were: 50 °C for 2 min; 95 °C for 30 s; 40 cycles of 95 °C for 5 s, 60 °C
for 30 s, and 72 °C for 30 s. Melting curve analysis showed a single
PCR product after ampliﬁcation of ΔfosB and β-actin. We constructed
standard curves for each gene using ﬁve-fold serial dilutions of cDNA.
Comparison of standard curves for ΔFosB and β-actin [12] showed
that they had similar ampliﬁcation efﬁciency,which ensures the validity
of the comparative quantiﬁcation method. The fold change for gene
expression was calculated using the relative quantiﬁcation method
(2−ΔΔCt), using β-actin as the endogenous control. The average ΔCt.
Reverse primer Product size (bp)
5-AGGCGGTCAGACAGAAGAG-3 501
5-ACGAAGGGCTAACAACG-3 166
5-ATGCCAGAAGATTCCATACC-3 200
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normalized target = ΔfosB Ct − β-Actin Ct; ΔΔCt = ΔCt normal-
ized target − ΔCt normalized calibrator; and the n-fold change
(2−ΔΔCt) was calculated. Therefore, the n-fold change represents
the hypothalamic gene expression for each sample in each vole in
relation to the samples of the control group, normalized to the
endogenous control β-actin [39]. No ampliﬁcation was detected in
the absence of template or in the no-RT control.
All procedures were approved by the Animal Care and Use Commit-
tee of the Faculty of Veterinary Medicine of Yangzhou University.
2.8. Data analysis
Focal sampling and continuous recording techniques were used to
score the behavior of the tested subjects during the 10 min taping ses-
sions [36]. Each testing session was analyzed with Observer XT 7.0 soft-
ware (Noldus)® for the behavioral parameters. For molecular changes,
the statistical analyses were performed on the ΔCt values, processed
into ΔΔCt values, and converted to n-fold values (2−ΔΔCt) for data pre-
sentation. SPSS 16.00 software was used for all the analyses. Two-way
analysis of variance was used when the data set met the assumptions
of normality (Shapiro–Wilk test) and homogeneity of variances
(Levene's test). Behavioral, physiological and gene expression variables
were log-transformed when necessary. Exposure period and sex were
used as ﬁxed factors and the behavioral, physiological and gene-
expression variables were used as dependent variables. Post-hoc least
signiﬁcant difference (LSD) tests were used to identify speciﬁc differ-
ences. The level of signiﬁcance at which the null hypothesis was
rejected was α = 0.05. Values in the ﬁgures are means ± SE.
3. Results
3.1. Behavioral responses to repeated exposure to cat feces
Effects of sex and its interactions (exposure period × sex) were not
signiﬁcant for any of the measured parameters (behavioral, physiologi-
cal and ΔfosB mRNA expression levels) in this experiment. Therefore,
data from males and females were combined.
Voles exposed to cat feces in the 1-Day and 3-Day groups displayed
signiﬁcantly elevatedﬂight-related behaviors than did the other groups,Fig. 2. Behavioral responses of Brandt's voles after 10 min exposure to cat feces repeated forindicated by more avoidance (F5,98 = 2.45, P = 0.04), more concealing
behavior (F5,98 = 3.42, P = 0.007), less contact time with the odor
source (F5,98 = 6.62, P = 0.001), and higher freezing behavior
(F5,98 = 5.54, P = 0.001). These two groups also demonstrated a signif-
icant decrease in non-defensive grooming behavior (F5,98 = 8.52,
P = 0.001), increased locomotor behavior (F5,98 = 7.96, P = 0.001)
and increased vigilant rearing (F5,98 = 2.46, P = 0.04) compared with
the other treatment groups (Fig. 2). Head-out (F5,98 = 0.76, P = 0.58)
and jumping (F5,98 = 1.51, P = 0.19) behaviors were not signiﬁcantly
different among the six groups.
3.2. Hormonal responses upon repeated exposure to cat feces
Serum levels of ACTH and CORT were signiﬁcantly higher in voles
subjected to cat feces once (1-Day group) and for three consecutive
days (3-Day group) than in the other treatment groups (F5,95 = 7.79,
P = 0.001 and F5,95 = 15.52, P = 0.001, respectively) (Fig. 3).
3.3. ΔfosB mRNA expression levels upon repeated exposure to cat feces
The speciﬁcity of the primer was tested using a melting-curve anal-
ysis. The ampliﬁed DNA segment showed consistent peak Tm values
(Fig. 4). Two-way ANOVA and post-hoc tests revealed that repeated ex-
posure to cat feces for differing periods signiﬁcantly increased ΔfosB
mRNA expression (Fig. 5) in the hypothalamus of Brandt's voles
(F5,96 = 8.69, P = 0.001). Neither sex (F5,96 = 0.07, P = 0.934) nor
its interactions (exposure period × sex) (F5,96 = 0.31, P = 0.91)
showed any signiﬁcant effect on ΔfosB mRNA expression level. No
ampliﬁcation was detected in the absence of the template or in the
no-RT control.
4. Discussion
In this study, we investigated changes in behavior, hormones and
ΔfosBmRNA hypothalamic expression following repeated exposure of
Brandt's voles to cat feces. Voles exposed to feces for short periods
showed increased behavioral and endocrine defensive responses,
which subsequently diminished over repeated exposures. By contrast,
the ΔfosB mRNA levels progressively increased when the cat feces
were repeatedly presented to Brandt's voles.different periods. Bars labeled with different letters are signiﬁcantly different (P b 0.05).
Fig. 3.Mean serumACTH concentrations (pg/ml ± SE) andmean serumcorticosterone concentration (ng/ml ± SE) inBrandt's voles following repeated exposure to cat feces. Bars labeled
with different letters are signiﬁcantly different (P b 0.05).
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could be considered adaptive and protective against malicious stimuli
[29]. For example, ﬂight-related behaviors (concealing, minimizing
contact with the predator, and avoiding areas where it is present) are
defensive strategies that avoid possible fatal encounterswith a predator
[7]. Reduced locomotor activity and increased freezing behavior may
also be aimed at lowering the probability of being detected by a preda-
tor, and diluting the prey scent, making it difﬁcult for the predator to
track it [17]. Risk-assessment behavior, such as vigilant rearing, allows
more information to be gathered from the surrounding environment
[16]. Defensive responses are directed toward saving the life of the ani-
mal but, when displayed over a prolonged period, they may become
maladaptive [38]. For example, restricting movement, remaining in a
ﬁxed location and a requirement to perform speciﬁc behaviors, or to
avoid necessary ones, inevitably prevent the animal from practicing its
normal daily activities. Searching for food or for a mate is restricted if
defensive behaviors are practiced for a long period. This in turn would
reduce energy income by preventing the animal from consuming food,
increase energy expenditure in behavioral activities, and reduce the
numbers of progeny by lowering mating success [37].
Elevated serum levels of ACTH and CORT were measured in voles
upon repeated brief presentations of cat feces. ACTH is a hormone pro-
duced and secreted by the anterior pituitary gland in response to vari-
ous stressors, including predation risk [10]. Circulating ACTH is the
key regulator of corticosterone secretion by the adrenal cortex [21].
CORT participates in the control of whole body homeostasis and in the
organism's response to stress [44]. An increased level of corticosteroneFig. 4.Melting curves of ampliﬁcation products. The melting temperatures of β-actin (blue cur
present.mobilizes more energy by inhibiting glucose uptake into tissues and
by promoting lipolysis in adipose tissue. This is believed to release
energy stores to help the animal cope with the stressful stimulus and,
in turn, this surplus energy is used to display the behavioral responses
[33]. Nevertheless, persistent secretion of corticosterone during chronic
stress induces further energy loss and structural changes in several re-
gions of the brain, which are accompanied by impairment of some
brain functions, such as learning and memory [1].
Therefore, the decline, or termination, of behavioral and hormonal
responses to chronic stress becomes adaptive and helps the animal to
restore homeostasis by facilitating energy gain and avoiding unneces-
sary energy expenditure. Although cat feces represent a threat to life,
we observed that upon repeated presentation the behavioral and hor-
monal responses were habituated. Habituation is a primitive form of
non-associative learning and is an importantmeans of allowing rodents
to resume foraging and other appetitive behaviors following an encoun-
ter with a predator or predator-related cues [25]. However, our ﬁndings
conﬂict with a previous report that found that defensive behavioral re-
sponses did not habituate, even after repeated presentation of a piece of
cat collar over three weeks[26]. It is possible that odors associated with
cat skin or fur are more potent than cat feces because they represent a
more direct danger [3] so that the voles exposed to cat feces in our
experiment habituated more readily than those exposed to a piece of
cat collar. This contention is supported by the fact that habituation is
inﬂuenced by the intensity of the stimulus; i.e., the more intense the
stimulus the slower the rate of habituation [27]. Similar observations
have been reported in other studies [18,14,41].ve) and fosB (pink curve) are 87.2 °C and 89.59 °C, respectively. No non-speciﬁc peaks are
Fig. 5. Effect of 10 min repeated exposures to cat feces on medial hypothalamic ΔfosBmRNA expression of Brandt's voles. Bars labeled with different letters are signiﬁcantly different
(P b 0.05).
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defensive responses toward predator odors [8]. This study showed
high levels of ΔfosB mRNA in the medial hypothalamic region of
Brandt's voles after repeated presentation of cat feces. Interestingly,
ΔfosB mRNA expression levels in the medial hypothalamus did not
habituate after prolonged periods of exposure to cat odor. Indeed,
ΔfosB mRNA increased when the feces were presented repeatedly for
six days or longer. Increased responsiveness to a homotypic stressor
when repeatedly presented is termed sensitization, which is another
important type of non-associative learning [20].
The elevatedΔfosBmRNA levels after 6 and 12 days of repeated pre-
sentations of cat feces could be interpreted as neural sensitization to the
recurrent exposure to cat feces. In this situation, the increased ΔfosB
mRNA level is an adaptive response to chronic stress, in contrast to
the behavioral and physiological responses, which would be maladap-
tive. Induction of a high level of ΔfosB mRNA promotes the synthesis
ofΔFosB protein, which serves primarily to mediate decreased sensitiv-
ity to the deleterious effects that usually accompany chronic stress. This
protects the brain regions involved in processing a repeatedly presented
threat [9].
In addition to its pivotal role in exhibiting a wide range of defensive
responses toward predator odors, themedial hypothalamic zone plays a
role in habituation of these responses, if the odors are later repeatedly
introduced [42]. Neural outputs from the medial hypothalamic system
target regions of the brain associated with defensive responses. These
include the periaqueductal grey (PAG),which is a key site for organizing
behavioral defensive responses to psychological stressors like predator
odor, and the dorsomedial hypothalamus (DMH), which provides
massive projections to the paraventricular hypothalamic nucleus
(PVN) and integrates the functions of the endocrine defensive response
[4]. The PVN constitutes the central part of the hypothalamo-pituitary-
adrenal (HPA) axis especially the periventricular and medial par-
vicellular parts that contain neurons synthesizing hypophysiotropic
corticotropin-releasing hormone, which stimulates the secretion of
ACTH [8,11]. Here,we suppose that the elevated level ofΔfosBmRNA in-
duced up-regulation of ΔFosB protein in the medial hypothalamus.
ΔFosB protein limits transcriptional activities in the neural substrates
responding to the repeated presentation of cat odor, thereby reducing
behavioral and endocrine defensiveness. This could lead to habituation
because ΔFosB may act as a negative regulator of activator protein-1
(AP-1) activity [28]. ElevatedΔFosB in brain regions assigned to process
repeated stimuli, including the medial hypothalamus, has also been
proposed [41].
Our observations are conspicuously inconsistent with reports that
the ΔfosB mRNA levels decreased after repeated stress exposure [2].
However, we emphasize that the nature of the stimulus plays a funda-
mental role in displaying the various defensivemechanisms on differentlevels. A life-threatening stimulus, such as cat feces, is indisputably a
more potent stressor than restraint, as used by [2]. Consequently, cat
feces may induce persistent up-regulation of ΔfosB mRNA, while
restraint may not. Nevertheless, ΔfosB mRNA induction in the present
study was signiﬁcantly lower after 24 days of repeated presentations
of cat feces.
5. Conclusions
The current ﬁndings indicate that repeated exposure of Brandt's
voles to cat feces induces short-term increases in behavioral and endo-
crine responses, accompanied by a persistent increase in ΔfosB mRNA
expression in the medial hypothalamus. The experiment showed that
habituation and sensitization may occur concurrently and may help
the animal restore homeostasis in response to a repeated threat. We
also conclude that the nature of the stimulus is crucial in the study of
defensive responses because more potent stimuli may attenuate the
habituation process.
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